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I. INTRODUCTTION

The objective of this program is to develop resin matrix composites having im-
proved resistance to foreign object damage (FOD). Approaches to be investigated in-
clude hybridization of the reinforcement to incorporate both high modulus and high
strain energy in the composite, study of the effects of ply configuration on the
response of specimens to impact loading, and leading edge protection schemes.

The program is divided into three technical tasks which follow the approaches
outlined above. During Task I hybrid combinations of carbon/glass, boron/glass,
and carbon/boron/glass will be investigated having both epoxy and thermoplastic
matrices. In addition, superhybrid materials involving combinations of isotropic
metals, metal matrix composites, and carbon/resin will be studied. Static proper-
ties will be measured on all materials, and ballistic testing will be conducted on
blade~like specimens with gelatin projectiles.

The effects of ply configuration on impact resistance will be studied in Task
II. Three materials will be selected from Task I results and each will be fabri-
cated into blade-like ballistic specimens having four different ply configurations.
These specimens will be ballistically tested at two angles of incidence.

In Task IIT leading edge protection schemes will be evaluated on ballistic
specimens made from the most impact resistant material/ply configuration found in
Task II.

II. TECHNICAL PROGRESS SUMMARY

This report summarizes work during the first quarter of the program. All mate-
rials were ordered and received and effort was concentrated on specimen fabrication.
This work is described below in further detail.

2.1 8pecimen Fabrication

The materials to be studied under the program are listed in Table I. Under
Task I each material is to be evaluated in a series of static tests including ten-
sion, compression, shear, flexure, and torsion, and impact tests including pendu-
lum impact and ballistic impact. The ballistic impact tests will be conducted on
blade-like test specimens having the geometry described by Friedrich (Ref. 1).
The impacting projectile will be 2.54 em (1 in.) gelatin and the angle of incidence
to the specimen leading edge will be 30°. Two specimens of varying leading edge
thickness will be tested for each material. Results of the ballistic tests will be
gualitatively assessed by visual examination and quantitatively assessed by torsional
stiffness retention measurements.
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During the first quarter all blade-like ballistic specimen fabrication was
completed. The basic ply configuration for the conventional and advanced hybrids
was *t45°, 0° interspersed. The specific layup varied somewhat from one material
to another due to differences in ply thickness. The general layups for the super-
hybrids are given in Tables IT, IIT, and IV. All plies are at 0° since the tor-
sional stiffness requirements are met by the titanium and/or boron/aluminum layers.
The Ti-6-L4 was etched prior to lamination, while the B/Al was grit blasted and
solvent rinsed. The graphite/epoxy used in all superhybrids was AS/PR-288.

Pretest torsional stiffness measurements are currently in progress on the bal-
listic specimens. Upon completion of those tests, the specimens will be delivered
to Pratt & Whitney Aircraft for ballistic impact testing.

2.2 Static Testing

Static testing of the materials is underway. First priority in fabrication was
given to the ballistic specimens in order to facilitate scheduling of the test rig.
Approximately half of the static specimens have been fabricated and submitted for
test. The results available to date are given in Table V.

The flexural strengths of the boron/glass/epoxy composites are given as minimum
values because the specimens bottomed out on the test fixture before ultimate failure.
In each of the three tests there was evidence of some failure at a lower stress than
reported in Table V. These were 156 ksi, 167 ksi, and 167 ksi for specimens 1, 2,
and 3, respectively.

The instrumented pendulum impact tests were conducted on specimens having a
nominal thickness of .254 cm (.1 in.) because it was found in Ref. 2 that the thin
specimen produced better correlation with ballistic test data than did the standard
specimen thickness of 1 em (.39% in.). Both the load carrying capacity and the
total energy are felt to be important parameters because they relate to damage
threshold and resistance to catastrophic fracture, respectively.

ITI. PROBLEMS

There are no current problems.

IV. FUTURE WORK

Ballistic testing of blade-like specimens will be initiated. Fabrication and
testing of static specimens will be continued.
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TABLE I

TASK I - MATERIALS

conventional Hybrids

. T-300/s-glass/epoxy (commercial)
T-300/S-glass/epoxy (contractor)
AS/S-glass/epoxy
As/s-glass/boron/epoxy

W e

Advanced Hybrids

1. Boron/S-glass/epoxy
2. Boron/S-glass/polysulfone
3. Boron/S-glass/polysulfone/AS/S-glass/epoxy

Superhybrids

1. [Ti-6-h/B-A1/As/epoxy/Ti-6-h]S
2. [Ti-6-l/AS/epoxy/Ti-6-U]4
3. [Ti-6-4/B-A1/AS/epoxy]q
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TABIE II

SUPERHYBRID LAMINATE COMPOSITION

LAMINATE NO. 1

Ti-6-4, 3 mil
FM 1000 adhesive
Titenium, 3 mil
M 1000

B/Al, 5.6 mil/6061

FM 1000

B/Al, 5.6 mil/6061

FM 1000

G/E

G/E

G/E

G/E

G/E

G/E

FM 1000
Titanium, 3 mil
FM 1000

G/E

G/E

G/E

G/E

G/E

G/E

FM 1000

B/AL

FM 1000

B/Al

FM 1000
Titanium, 3 mil
FM 1000
Titanium, 3 mil

TABLE IIT

SUPERHYBRID LAMINATE COMPOSITION

LAMINATE NO. 2

Ti-6-4, 3 mil
FM 1000
Titanium, 3 mil
FM 1000

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

FM 1000
Titanium, 3 mil
FM 1000

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

FM 1000
Titanium, 3 mil
FM 1000
Titanium, 3 mil
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TABLE IV
SUFERHYBRID LAMINATE COMPOSITION

LAMINATE NO. 3

Ti-6-4, 3 mil
FM 1000
Titanium, 3 mil
FM 1000

B/AL, 5.6 mil/6061
FM 1000

B/AL, 5.6 mil/6061
FM 1000

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

G/E

FM 1000

B/AL

FM 1000

B/AL

FM 1000
Titanium, 3 mil
FM 1000
Titanium, 3 mil
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